The ability of macrophages to process and present treponemal antigens to Tlymphocytes was studied in early stages of experimental syphilis produced by Treponema pallidum Bosnia A strain (the causative agent of endemic syphilis) infection of inbred Syrian hamsters (LSH/Ss Lak strain). A difference was noticed in the response of macrophages obtained from the peritoneal cavity, lymph nodes, and spleens of the infected animals. In all of these locations, a general increase in the population of Iak_positive macrophage was seen during the entire period of infection, i.e., 3 to 18 weeks after inoculation. Peritoneal cavity-derived macrophages showed no difference in antigen presentation to sensitized and nonsensitized T-lymphocytes for the first 7 weeks of infection. However, at 18 weeks after infection, peritoneal macrophages lost their ability to process treponema antigens. Spleen-and lymph node-derived macrophages did not exhibit a parallel loss in their ability to process treponema antigens. A fluctuation without a consistent pattern was noticed in the antigen processing and presentation by macrophages from the spleen and lymph nodes. In general, the sensitized T-lymphocytes responded to treponema antigen presented by macrophages more vigorously than the nonsensitized T-lymphocytes. An increased ability of spleen-derived macrophages to process and present antigens was noticed throughout the entire period of infection. The macrophages from the lymph nodes showed such an increase only temporarily at 3 weeks after infection. These data suggest that the processing and presentation of treponema antigens by macrophages in acute syphilitic infection fluctuates considerably and depends on the source of macrophages and the duration of the infection. The differences in the response of peritoneal cavity-, spleen-, and lymph node-derived macrophages probably reflect the complex interactions between the macrophage and other cells involved in the immune response to treponema infection.
Despite extensive investigations of altered lymphocyte functions in hosts infected with Treponema pallidum, very little is known concerning macrophage function in the disease. Lukehart and Miller (12) have provided evidence that protease petone-induced rabbit macrophages from the peritoneal cavity are able to phagocytize T. pallidum in vitro. Phagocytized treponemata appeared by immunofluorescent microscopy within the cytoplasm of macrophages as round bodies which increased in number proportionally with the length of incubation of macrophages and treponemata. On the contrary, Musher et al. (15, 16) have reported that organisms attach to macrophages but are not phagocytized. To examine the macrophage ability to phagocytize T. pallidum and subsequently present this antigen(s) to T-lymphocytes, we incubated the macrophages, isolated from various lymphoid organs, with T. pallidum. After the appropriate incubation period, we removed the organisms and cocultured these macrophages with normal or immune T-lymphocytes sensitized in vivo to T. pallidum. Present studies demonstrate that macrophages isolated from the spleen, lymph nodes, and peritoneal cavity were equally able to process and present T. pallidum antigens to normal and immune T-lymphocytes.
Our data also demonstrate a tremendous variation in the response of macrophages from various sites to treponema antigens. The response of peritoneal cavity-derived macrophages showed a predictable pattern, whereas the responses of lymph node-and spleen-derived macrophages showed remarkable variations which most likely reflected the complex interaction of macrophages and other immune cells in the lymphoid organs.
MATERIALS AND METHODS
Animals. Male inbred LSH/Ss Lak strain hamsters were obtained from Charles River Laboratories, Inc., Wilmington, Mass. Housing conditions have been described previously (19) . All animals were shaved and kept hair-free by weekly clippings before infection. The inbred LSH strain of hamster as a suitable mode for studying experimental syphilis has been previously described (20) .
Infection and treponemata. T. pallidum Bosnia A were obtained from P. H. Hardy, Jr., The Johns Hopkins University, and were maintained by passage in LSH hamsters. To initiate infection, the inguinal lymph nodes and skin lesions near the inguinal area were removed aseptically 3 to 5 weeks after intradermal infection, teased apart in sterile saline, and filtered through a stainless steel 60-mesh screen. The suspension was centrifuged at 400 x g for 3 min to remove cellular debris. The number of organisms in the supernatant was'determined by dark-field microscopy, after which either 1 x 10' T. pallidum cells were injected intradermally in the inguinal region or the supernatant was centrifuged at 18,000 x g for 20 min to pellet out the treponemata. The supernatant was discarded, the pellet was washed twice in phosphate-buffered solution by similar centrifugation, and these treponemata were used for antigen presentation.
Macrophages. Single-cell suspensions of spleen and inguinal lymph node cells were prepared by carefully teasing each organ, which was gently passed through a stainless steel 60-mesh screen into complete medium (RPMI 1640 containing 10o fetal calf serum, 50 U of gentamicin per ml, 3 mM HEPES [N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid], and 1% glutamine). We collected resident peritoneal exudate cells by injecting 10 ml of medium into the peritoneal cavity and collecting lavage by a Pasteur pipette. Cell clumps and debris were removed by sedimentation at 1 x g; contaminated erythrocytes were removed by incubating the cell suspension with an equal volume of 0.83% ammonium chloride for 10 min. All cells were resuspended in 10 ml of medium after they were washed several times in the medium. Samples (10 ml) of suspensions were placed in empty 100-by 15-mm plastic petri dishes at 37°C in 5% CO2 atmosphere for 2 h. The dishes were then washed thoroughly with medium to remove nonadherent cells. The adherent cells were collected with a rubber policeman and transferred to flat-bottomed wells (Falcon Plastics, Micro Test II, Oxnard, Calif.).
Immune T-cells. Ten LSH hamsters were infected with T. pallidum Bosnia A. Sixteen weeks later, animals were treated with 10,000 U of penicillin. Ten days later, spleens and lymph nodes from these animals were collected, and a single-cell suspension was prepared from each organ, pooled, washed three times in medium, and resuspended in medium (21) . Adherent cells were removed by two cycles of adherence in 100-by 15-mm petri dishes for 1 h. The nonadherent cells were passed through a nylon wool column (Leukopak, Fenwal Laboratories, Morton Grove, Ill.). The recovered cells were greater than 97% T-cell antigen positive, as determined by incubating the cells with antihamster thymocyte serum (1:4) plus guinea pig complement (GIBCO Laboratories, Grand Island, N.Y.). Macrophage contamination was less than 0.01% as determined by nonspecific esterase (NSE) staining (9) and by phagocytosis of latex beads. Also, the successful depletion of macrophages was confirmed by the inability of the immune T-cells to proliferate when stimulated in vitro with various concentrations of heat-killed T. pallidum.
Macrophage-antigen-presentation ability. A treponema-antigen-dependent T-cell proliferation assay was used to assess the ability of macrophages to present antigen to treponema-primed T-lymphocyte. This technique was adopted from Farr et al. (5) . To assess the antigen presentation ability of macrophages at various stages of infection, the infections with T. pallidum were timed so that six groups of experimental animals could be studied at the same time, namely, 3, 5, 7, 9, 12, and 18 weeks after infection. Spleen-, lymph node-, and peritoneal cavity-derived macrophages from normal and infected animals were plated in flat-bottomed wells at S x 103, 5 x 103, and 5 x 104 cells per 0.1 ml per well, respectively. These cells were allowed to adhere for 1 h at 37°C in a 5% CO2 atmosphere. Then 2 x 106 heat-killed (56°C for 20 min) T. pallidum Bosnia A strain organisms were added and A separate quadruplicate set of infected and normal macrophages from the spleen, peritoneal cavity, and lymph nodes was treated with anti-Iak serum (Cedarland Laboratories, Hicksville, N.Y.) and guinea pig complement (1:4) before exposure to treponema antigen (17) . lak antiserum-treated macrophages were then exposed to treponema antigens in vitro and cocultured with T-cells as described previously. Controls included macrophages treated with only complement (1:4) or lak antiserum, unprimed macrophages alone, macrophages plus normal or immune T-cells, and normal or immune T-cells without MC treatment, with or without heat-killed treponemata added in various numbers.
All cultures were incubated for 4 days at 37°C in a 5% CO2 atmosphere and were pulsed with 0.4 FCi of [3H]thymidine (specific activity, 6.7 Ci/mmol, New England Nuclear Corp.) for 22 h before harvesting. The cells were harvested with a multiple-cell harvester. The dried filter paper disks were placed in a Packard scintillation counter. Results were reported as geometric means of quadruplicate cultures ± standard error.
Macrophage enumeration. The number and proportion of macrophages in cell suspensions prepared from normal and infected organs were determined by the use of the NSE-staining procedure and latex bead phagocytosis.
For NSE staining, a cytocentrifuge preparation of cells was made on glass slides. The procedure of Koski et al. (9) Course of infection. LSH inbred strain hamsters respond rapidly to infection with T. pallidum Bosnia A infection, details of which have been described elsewhere (19, 20) . Briefly, 3 weeks after the infection with T. pallidum, all hamsters exhibited erythematous lesions in the inguinal area (site of inoculation); these lesions increased rapidly in size, became indurated, and 4 weeks after infection became ulcerated. Ulceration continued to expand laterally for another 2 to 4 weeks. Thereafter, the lesions began to heal slowly, and at 20 to 24 weeks after infection, only minor scabs were visible. Besides the skin lesions, the infected hamsters had enlarged inguinal lymph nodes. The size and weight of the inguinal lymph nodes reached a peak at week 6 on August 27, 2017 by guest http://iai.asm.org/ Downloaded from to 8 after infection. During the first 8 weeks, a significant number of treponemata could be obtained from the skin and from the lymph nodes. No significant change in the size or weight of the spleen was noticed during the course of infection. No treponemata were found in the spleen at anytime during the infection. Thymus size decreased to about one-fourth its normal size during the first 2 weeks after infection, with no additional change thereafter.
Macrophages. The percentage of macrophages in spleen and inguinal lymph nodes was determined by morphological means and by the NSE staining technique and latex bead phagocytosis. Routinely, 90 to 93% of the adherent cells obtained from different tissues were NSE positive, and 80 to 88% of such adherent cells were phagocytic.
A dramatic increase in the relative macrophage population was noticed in the spleen and lymph nodes 3 weeks after infection with T. pallidum (Fig. 1 ). This increase reached a peak value at 5 weeks after infection and slowly declined thereafter. However, the percentage of macrophages in lymph nodes remained above the normal values even at 18 weeks after infection.
Optimal number of treponemata to obtain the maximal proliferation of T-cells. increasing numbers of heat-killed treponemata. One hour after incubation, the nonphagocytized microbes were removed by thorough washing, and the antigen-primed macrophages were cultured with T-cells. It was determined that 2 x 106 treponemata induce significant proliferation of T-cells. Increments of antigen over that concentration did not produce a stronger T-cell response (Fig. 2) . We have, therefore, used 2 x 10 treponemata in all subsequent experiments. Optimal number of macrophages for testing their ability to present T. palidum antigen. Normal macrophages from the spleen, lymph nodes, or peritoneal cavity were primed with heat-killed treponemata (2 x 106 per culture) and cocultured in increasing numbers with 4 x l05 normal or treponema-sensitized immune T-cells. Antigen-primed macrophages at a concentration of 5 x 103 provided an optimal stimulation for T-lymphocytes when spleen-or lymph nodederived macrophages were used (Fig. 3) . However, 5 x 104 peritoneal cavity-derived macrophages were used for optimal stimulation of Tlymphocytes. Further increase of macrophage numbers above optimal stimulating dose resulted in a decreased T-cell response. Ability of macrophages to process and present antigen during acute T. paUidum infection. Macrophages isolated from the spleen, inguinal lymph nodes, and peritoneal cavity of infected (Tables 1 to  3) , and no general conclusions could be reached.
The only two consistent changes were: (i) infected animals had more Iak-positive macrophages than did the normal control animals; and (ii) sensitized T-cells responded in all instances more vigorously to antigen presentation than the nonsensitized T-cells. The difference in the response of sensitized and nonsensitized T-cells in general was more pronounced in the experiments performed with lymph node-and spleenderived macrophages than in those performed with peritoneal cavity-derived macrophages. The only exception to this generalization was for the 18-week-infected animals. In these animals, the peritoneal cavity-derived macrophages showed a decreased inability to process antigen (accounting for the great difference in the response of sensitized and nonsensitized T-lymphocytes) compared with the lymph node-and spleen-derived macrophages.
The ability of macrophages from the peritoneal cavity to process and present treponema antigens did not change significantly from noninfected controls during the first 7 weeks of infection (Table 1) . At 18 weeks, there was a significant decrease in the ability of these macrophages to process the antigen and present it to nonsensitized T-cells. However, a decreased response of sensitized T-ceils was also noticed, suggesting that the presentation of antigens could also have been impaired.
The responses of sensitized and nonsensitized T-ceils fluctuated when the cells were incubated with macrophages obtained from the spleens of infected animals at various stages of infection (Table 2 ). However, macrophages from infected animals consistently induced a. higher T-cell response than did macrophages from control animals. A great fluctuation in the number of Iak-positive macrophages was noticed in various experimental groups.
Macrophages obtained from lymph nodes at 3 weeks after infection exhibited a temporary, but highly significant, increase in their ability to process and present treponema antigens (Table  3) . Thereafter, it seems that the ability of macro- ND ND a Sensitized T-cells were isolated as described in Materials and Methods 2 weeks after syphilitic hamsters were cured with penicillin.
b Mf populations were treated with anti-Iak serum and complement, washed and incubated with treponemata, and subsequently cocultured with sensitized T-cells. C P < 0.001 (control group versus all experimental groups in the same column). Proliferation of T-lymphocytes (both normal and sensitized) in the presence of MC-treated unprimed macrophages was minimal compared with primed macrophages, indicating that proliferation of T-lymphocytes observed in the presence of primed macrophages is not due to antigens on or within the macrophages at the time of T-cell proliferation. It is possible that macrophages carried treponema antigens on their surface at the time of collection, but during the 4-h incubation period before the macrophages were exposed to T-lymphocytes, they significantly lost their ability to present treponema antigens to T-lymphocytes. Recently, Ziegler and Unanue (23) reported the kinetics of antigen uptake, ingestion, processing, and eventual binding of macrophages with T-lymphocytes. The maximal T-cell binding occurs at 60 min after the addition of antigen.
DISCUSSION
Processing of antigens by macrophages and the presentation of processed antigens to T-cells are the first steps in the initiation of the immune response to T-cell-dependent antigens. T. pallidum antigens are known to activate T-lymphocytes (8, 10, 11, 13, 21) . In this study, we have shown that T-lymphocytes sensitized to T. pallidum antigens respond more vigorously than do nonsensitized T-cells to the same antigen presented by the macrophages, thus confirming that we are indeed dealing with a T-cell-dependent antigen.
Infection of hamsters with T. pallidum Bosnia A strain induces profound changes in the ability of macrophages to process and present the mi- (3) . Thus, there are microbial antigens that either suppress or activate Ia+ macrophages, and the T. pallidum antigen seems to fall into the latter category.
There have been controversial reports on the role of macrophages in experimental and clinical syphilis (2, 4, 6, 7) . The controversial reports could be explained in part by our present study, which shows considerable regional and temporal variation in the function of macrophages in different organs and at various time intervals after infection. In general, our data nevertheless indicate that the macrophages are more actively interacting with T-lymphocytes in infected rather than in noninfected animals. The only exception to this generalization was seen in the population of peritoneal cavity-derived macrophages obtained at 18 weeks after infection. At this time, we have no explanation for the loss in ability of peritoneal cavity-derived macrophages to process the T. pallidum antigens at 18 weeks after infection. Peritoneal cavity-derived macrophages represent a population of macrophages INFECT. IMMUN. on August 27, 2017 by guest http://iai.asm.org/ Downloaded from acutely recruited to a defined stimulus in contrast to spleen-and lymph node-derived macrophages, which are heterogeneous fixed residents in tissues and are in a complex local interaction with other cellular components of the immune system (22) . It is thus possible that peritoneal cavity-derived macrophages represent "younger cells" than those of macrophages obtained from the spleen or lymph nodes and that the depressed function of peritoneal cavity-derived macrophages precedes a similar depression in other locations. On the other hand, the tissue macrophages may differ from peritoneal cavity cells because of their involvement in the cell-tocell interaction that affects their reactivity and alters their ability to process and present treponema antigen. Studies of chronic syphilis will answer these and similar questions.
In the present study, we have presented the data which support the concept that macrophages process and present treponema antigens to both normal and sensitized T-lymphocytes during the course of endemic syphilitic infections in Syrian hamsters and that the fluctuation, in the processing and presentation occurs and is dependent upon the source of macrophages (peritoneal cavity, lymph nodes, and spleen) and the duration of the infection. However, the underlying mechanisms for these fluctuations in antigen processing and presentation have not been explored. It is possible that antibody, immune complex, or mucopolysaccharide attached to macrophages or ingested by macrophages may play a role in the regulation of treponema antigen uptake, processing, and presentations and may be a factor in the observed fluctuations.
